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(57) Abstract: A transmission unit converts a transmission symbol into a half symbol, and performs communication under a condi- 
tion that there is a predetermined diflerence between an even subcarrier and an odd subcarrier A reception unit Fourier-transforms a 
reception symbol to demodulate the data assigned to the subcarriers, and inversely Fourier-transfonns the demodulated data to create 
a first symbol corresponding to the even subcarrier. The reception unit eliminates the first symbol component from the reception 
A symbol to create a second symbol corresponding to the odd subcarrier, and Fourier-transforms the second symbol to demodulate the 
data assigned to the subcarriers. 
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m m w 

DMT (Discrete Multi Tone) ^^p:;^^-^0 F DM (Orthogonal Freq 
uency Division Multiplex) J; t) > UE#<7)ii^tIslM^ffiV>;t7^— 

20 iHm^nOo Mci^m^y'^^ rctK.i-£. #MllS^<^t one 0~t oneX ( 
TV^S„ ^LT. ±lSh — iJ^y :/i5^^[Q;S, :fsX-(jn-^itiiim:d>m^ti^:i 

i^3^•r'^l. ^m^t^tit:i^m7'—$'iz.M\^xmmMy-v=^m^ ( 

25 I F F T ) ^ff V \ y oc^i^ OX"? 7 wi^r"— ^ y T/i^t^— 
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m:^^iiC J: mm ^n^m^. ^m^f—^ {^^(DB.m'T— 

= h^S. FEC (forward error correction : tif;lb^^ «:) ITjE) . 

CRC (cyclic redundancy check : MWlK-R^dtY ^CO^W!)^ 

25 ^^«#i--5i^?rS6tli: b-Cl/>So 
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bT^^^g^^1^:/=3r^ y T^tttfe}-r5fca6<7?B^^©7--y3i^#l?rm\ 

2 i -1) #S<D1^^^^yTi: 2 y TlCfiJ«3STe>tbfc5ll'ff 

-^^wmm(.w^X'mw:mi i^m) mnsMii-s (2 i-i) ^n<D-^-^ 
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5 -D^(D^micf)^7f}^^mmmmi^^^xit. $?>tc. ^-r^ (2i-i) #g 
10 -D^'<D^mi^:d^-A^^skimmm<i^h^xi-t. •^/v^^^])T^^mio^^w^m-T 

^•Yy TiC$iJ!9^Te>tbfc7^— iJ'^miii-^^K^mP^^ (TEQ2. 128 
^^FFT3. FEQ4. ^-^5{vl*i^) i:, SSnaffl#:#g 0-y->^=ar^ y TtC 

15 m'o^xhfifz.y'-"^Knvxm.'7—v:^m^^fx\'\ '^ll^#@<^i^:7'^vy T 

^.(FEQJgfr^m^ase. 1 2 sm^I FFT7. TEQ5l&^m§P8{C^^) 
20 (?^^^9lci:t=i^) MIB||2<©W3j^VK7>m5lC^^iy^^3}^Vv^:^^i:4o 

#@<7>f->^>-Y y TS:ttm-r^fce6<^)gif^co7-y 

y TtCfiJ •? btLfcv^— 2 (©mp^^ (TEQll. 256m 
25 mFFT12. FEQ13. m^Ul A\Z.i^m) tr^i;t?. ^ ^ ^#m<J:i-S„ 
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(.FEQmWMUl 5^ 2 5 6lt^I FFT 1 6. TEQ^M^^l 7kz: 

n^-x-mitim. c^it) u mm-r^ (2 i-D #g<^f-^'^-¥yri:2 i#s 

ttfc^ 1 (Diyi^^/u^^j^T^M 1 Oi/^-JK/w^^f" ^ oflc, ffftB^. 

7"^. MI2^2 <Dv^^/J</U(Dm5lc:^^v'>'#/^^^^*3 j;^)?S^b^fci/>'^VV' 
■^#^JPi-'5 w t T'll 3 (Di^l^^^/l^^^-r^f^ 3 <^)i^>'7j^VW';ififex?.-r y T'i: . til 
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<:>^'(Dmm\^i)^*^^mm-:^W:Kth<>xn. ^h^z., m^-r^ (2i-i) #@ 
^xmmm {^m) u a^^^-rs (2 i-i) ^n(D'^y'^^vrt2 i# 

mmcomm 1 . 
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10 p<-rW^7^1f$P (TEQ) 3Ji. /ci:;tfi. 1 2 8 ;2^(D1^7^=3r ^ y 

T(Dtj:t^f}^h 6 43ic<^iS^1^:/=3{.^ y rfat%Jfillii-§iS53i7-y3^^mifl5 (1 
2 8^*FFT) -efct). 4}^j^2g|^K7«-Y>^-r a^-f if^P (FEQ) T'fe «9 . 
5 m^-^Zf^^ V T ^m-^-f 5«-^l§-efc «5 . 6 F E Q.^m.^nX^ ^ . 7 

15 1 2 I FFT) -efet). 8{:iTEQ3Sfr^m$|5-^fot). 9{*l^f§-efc9. 

1 0 v^^'TitVl'ifcj^fetlS-C^) «9 . 1 1 «T E Q -e$) (9 , 1 2 ^fi\ 6 4 Tjs: 

0-^^i^>^:¥^y T^**ttii-5i«it7-y^^^|?P (2 5 6mmFFT) -Cfct). 
1 3f*FEQ-t?fct). I 4 «? . 1 5fiFEQ3^^^lHS-Cfe«9, 16 

{^6 4^©-^#:i^^^i'y r^ii^;f3i:7— y:3i^^-rsi^^it5t7-y^'^^$l5 ( 

20 2 5 6li^ I FFT) T'fct). 1 7 fiT E Qig&^^|fp-e^i>5„ 

fci:x.^^. •^jV'^^^VTWMMlTx^tX^X. DMT (Discrete Multi Tone) 

25 UT^p< ;^tf 5/ h/^cOi^jix-r v^i5^/l-'ii'fB^fT 5 AD S L (Asymmetric Dig 

ital Subscriber Line) MiM')o^-> 4oJ;U^HDSL (high-bit-rate Digital Su 
bscriber Line) iifi:J^^^<D x D S Lal'ft:fer^dSfeSo ''iSS. :i<D:fe^«. A 
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NS I (DTI. 4 1 3^t^:^3V^-c:^2p'^b$i^■rv^So 

t^ly^ =1 >- h n— /V im^(D MUX/SYNC CONTROL 4 1 iCX^Mit U> # 

5 mit-^fhfcmmf—^i^nVX-^^^Viy^V^'^yi^-^^J-^y^ (CRC: 
Cyclic redundancy check tC^g^) 4 2,43 iCT^ 9 = — K^#;(JD 

:7;j-!7— K^7— 3 U-^^'-Va >- (SCRAM&FEC tC^B^) 4 4. 4 5iZLXF 

10 4 9 {;iSS^-e{;i« 2 0(DMS&;dSfc!9, —of^^>'i5' y—::/ (INTERLEAVE) 4 6 
jdS-^SttS'T y — Kt^— tJ'^^i/ 7t (Interleaved Data Buffer) ^S§-e 

h^—:^lt^l^'^V—':f^^^t^\/^yT—:^hy^-~i^y<^y:7T (Fast Dat 

a Buffer) m^x^ «9 > ^ ^ T'}*. ^^iJ' y —ymm^n 5 y K7=— 

15 -?:<D^. 5ll^tx— ^{*, l^— h=i:/^^— ^ (RATE-CONVERTOR fC+S^) 4 7, 
4 8 h =2 ^-y^— h^5QiSSr^TV^, 1 i^;^ — ^ ]} i^i/ (TONE ORDERING 

(CONSTELLATION ENCODER AND GAIN SCALLNG 5 0 IdT =i l^— 

20 v^3 Vt^— i5^^j^^b (i?^-Jl^'m-^^^tf) , 3^i^3$7-y^^m^ (IFFTrIn 
verse Fast Fourier transform {CltB^) 5 1 {ZlTil^i^Ti^— y ^^I^^^T 5o 

y T/W^' :y :7 T (INPUT PARALLEL/SERIAL BU 
FFER \ZM^) 5 2 (Ci::7— y Wl'X— ^ y T/V-T'— ^ \ZM. 

T:^n^7"P'fe5^v':/i//'7^^ v?^/^-T-?-nj/=t:/^-^— (ANALOG PRO 
25 CESSING AND DAC IC^S^) 5 3 \Z.X^ ^ ^J^ /l^mf^^T-Tvi ^m^k^^^l^. ^7 

n 3 m\t^ Ji|5DMT^^li;^^^^ffli-Sai{S^g<D^m^<^ifei«»^«F!)^ 
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NALOG PROCESSING AND ADC iC^fS^) 14 1 tJlT^ ^/l^^ y l^^^W.^^^^^^ 

T-i-ti -^m.m^'f^ '^^^"^W-mz-mmx^. i?-r a ^^i' = ^-r i^* (teq {eta 

/^<=7 WU^^s/7t (input serial / PARALLEL BUFFER \Om'^) 1 4 3 {CT-> 
:7— y oi^i^gp (FFT : Fast Fourier transform iC^fg^) 14 4 (ClTi^jl^— y 

10 ^^m^^TV\ >ll^SfcK^-r W^^-fif (FEQtc;j=@^) 14 5{ctJ1 

v'a >'7='=i— t?'/<5'^V:/^'Jr— y (CONSTELLATION DECODER AND GAIN S 
CALLNG \ZM'^) 14 6 ^y :/j5^ (TONE ORDERING \ZM'^) 1 4 

v^ y T/Ux— iS'iC^J^^tl/So ^(O'^^ h=i://^— ^ (RATE-CONVERTOR id 

^i^) 148, i49tc:J:5i/— h=i ^-^^^ hM3il. :/i5' y — y (DEINTERL 
EAVEt^l+S^) 1 5 0{Cj;67*-r^i5'y— :7;j-17-K3i^— ril^ifv^a 
>- (DESCRAM&FECiCl^fB^) 15 1, 15 2 J: 5 F E C^SI*3 7 i^T^ 

20 yU^a. *5 J; W-r ^ y 5^ y ^J^':^i5^>'i/^ fz^^v^ (C R C : cyclic redunda 

ncy check f^ta^) 15 3, 1 ^ A\z.^^mmL^'^^^<r>^mii^n'k^n. 

m\C'^;\y^Zf\^yi7 7./-y^^'i7 =i h n—yl^ (MUX/SYNC CONTROL iC^^) 15 5 

25 <^^S&5|:^ix.s r<D2o<D^^^^v>5}-it^i<ticj:«9. •^yt{*r<D 20(D^S& 
'^mt bTV^5>„ 
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}-Pse>-r> :i<^«^fi. '^/^'^^^ V rmmm:^^ {fctK.i-£. oFDummm 
■Mti. n-^^tmMtvx. ^—:^n^-^nm\^f€.m^(Dmmmm:k^<:>\i^xmmv 

1 m<DTB Q 2 KMlt- :^:7'5' h y r/i-/'^<v 5/ :7 r 1 4 3 43 J: t)? 

^ W = 4 5 1 m(OY E Q 4 ^i^^|^(?5IHli^2)S;g#:gi 5 

—io. 114 EI (b) C0^^-§•^tC*5V^T> 2 2{iSWt-^: Ley (^^c^Sit 
3*?J;t;?2 7fiiO#^t?&D. 2 4*5J;TJ«2 Sfi-Ci^^ y — ^^-efeOs 2 6 
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■§•^m-^u-c$b^c3^^<7>ii5v^^f$gbf^/ vihm^mti-r^^2<DK.xs7'=^-'^ 

X'M. 3 3fiLcy m^(D^\mm'^ : y ^. y^-'\zM^) ^mm^\^X7t(D 

i^-r. m4m (a) ic^im-^^<DW}m^-::>^^xmm-r^, /^js. :^mm<Dm 

MXit. ^-WA^W^WM (QAM : Quadrature Amplitude Modulation) t b 

T{i. T^2 tf^/ h<75A;^7=— i5'{C^bT(^^^-#ir^^<b^^MU. m<D±^ 
\f^yh\z.o\,^XitAt}y^—i^^'t<D^-^<Diskmxmtl-r^o •rj'^*>*>. 3*:^ii<Z) 
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mi (Dnmmsm^7Z^^n-^i\:>^ 3 5 (d^s^c x d aii^t-r-i?^ : u a. u 2 ^ 

A;tJ B 1 oS'jf^^mgiA^-^'fbll 3 5 ^ 2 <D#ilt6^im!R^i^^9^* 

m^x\'i. ^m.^mmMm (qam) i:u-c. yti:;tfi. isqam:^^^^ 

20 -ftb,<D_L^ tf h IJIOV ^T f*^ ^{t-r — ^ SrM 3 (D^m^ 3 3 "C^^J^ 

ys, yz, Yi. Ya, Ybf^^ ^tu^tiBufB5^t'lB!!(7)ttl;^ : U4. U3, Ug, Ui. U3, 

S«{t-^Lcy : y^; y,. y^, y , ^^ttSlofciJ'-^^^^T'J*. 
25 ^l«7)^-^^2 2dS. ^mft-^Lcy : yz, y^. y^^ttttlb. ZLtbfjO^mm 
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5 fcfcU ^4111 (b) }C:*3VNT. Le (u^) «^lf|5lf fR^^U La (u,) 

i:b-C(*s fc<!:^(^. |!E^O*:^*m?ft^^#^ (MAPT/V-r^y -. Maximu 
m A-Posteriori) ;as^V^ ^1 1 ;dS^V ^;iS^ x.f^. UE^(^) tf ^ 

10 o#l;i. ;bn^2 3T'J*. B5ia^mJgmT'fc^^^^it;6^b. ^2(7)m^:§§ 
2 eic^i-^S^Hsitfft: Le (u,) ^^m-TSo fcfcU 1 HI i ©m-^^^:j3v^ 
Tf*, *f^^^t#;is^^?)p>t^•rv^/^v^fc^6. La (u,) =0-t'fo5o . 

otic, -1- i/iJ' y — 2 4 *3 J;TJ?2 5 "Cfi. ^jaff-^L c y t^W^ : L e 

(Uk) \z.n\^xm^(om.^'^^no. ^u-c. m2om-^^2 6T'«. m 

15 O^-i^ 2 2 i ^m<t#L c y . *3 j:TJ?3fet-»ffi bT*3V^fc♦S^f^f ^ : 

La (uk) ^^±^ifc: L (u,') ^^ffi-^-^o 

^O^. *P^2 im^2 3 i^l-glSfffR : L e (u,) ^3? 

mi-6o ro^t. x-r i/^y.w^28{c-cM-<#^ibtbytiJi>tjsit#(*. *M'it 

$R:La (u^) t LT. tulBMlcO^-i-:^2 2{c:7^— KV^-z^^tt-So 

L> ^ LT. m 1 <^4^j^^ 2 9 *3 itj^m 2 (Dipij^:^ 3 1 c (Dnm.±^mz.m 

-^'v^T<t-§-Oi|^iJ^^m\ tiirOiUft-T^— i^^m^-rSo =Br#:^i^^JlV^5 i:. fci: 

25 ir^PJ^L. -L (Ufc') ^0" -efetbti. Jt^ltlRtf h : m^' ^0 t^'^-T 
^c^fe, PNF}C^'(t1-S^{tft-§-L c y : yg, y 4"-tc:ol/>-CJt. 0 3 O^l^lj^ 
^3 3 ^ffiV>-CTOJ^1-'5o 
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10 OR/St^s— tJ^3 0, :*fc}*||2(DR/ST'=i— iJ^'S 2dS, ^IdJ^^—O^ 
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m\r^tcm^<Dmmmm(DW}m^-^^^xmmvtio si^(Dmmxi-±^ r^mi—h 

20 4;2|s:<7)K^f->^#^ y Tfctt^mPi-'S^'g'i- 1 2 S^^F F T^^ffl-f S t>0 

'^im.hm^ut^^^utxmMt^BLm\^x\^^ {■mim (b) „ t^-i^^ 
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— J; TJ«B P S K \^tcMB: S N R ti, 1 d B 6 t 

10 4 d B &tufi^p-e# -5 i: V^;^:?;j^TV^5o 

meHtCl^-f SN Reeded f*> n-^^it^mMVfi-m^(D. fcirxJ*. 10- 

^m^^>^^ji^o:>i^m-^^^^ y rfcit^^-y ^^i^m-r^/cfe. 1 2 

25 9y-rx<bf^;5„ 
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i-s (1^7111 (a) mm) o 

a^}^:. ^imTkxn.. TEQl _b|a^fcf-^>^ y Tc^^mv^^'^i^Vl^ ( 

:7/uix>'7j<yi.) \z.ii^\^x^mm^(omj^^^it^m.^ff\^. 256ii^FFTi2 

20 ^-fk^s^tTV^, m^miAtK _hi2^^<^:3^gfe (B4I11 (b) 

bfc^-S-. i^JlT(-^-r^!QiS^iib9 5gL^fTi-6ri:T% mii#tt^lRj±$'l^5C 
t;6Sx't5o fcir^t*. F E Qi^fr^m^ 1 5 ±IB^^1^>^^^yT{e:iiJ«9^ 
25 TP>tUfc7^— i?te:*fUTFEQaS&^^iSrfTV\ ^(D^. 2 5 6^^IFFT16 
FEQi^^m^cOT^— ^5^tcMbTifefril3^7-y^^^^^TV\ ^U-C> TE 

Qii^m^B 1 7 tK a^iiSit :7— y ^^m^(^^^i^:/=?r ^ y T<Dm^m^\^n b 
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?'^*5. :$:^^ai(^?i^M^^:*3v^T^*. ra<75Mi:±. 1 2 82|5:o-y-y=ar^yT%^ 

15 ^U/cjSS, £fHz.mhfJ:\'\ «fc. _hlBl 2 8:2is:£;li?Vom#tcfi, f-:^^^ y T 
^M<^31^^2. 

ll3^-r5wi:T'^l^-^(7>lRI±1£^llloTV^^„ :*:|lli<^5#^{c:*5VNTf*. MM 

m^^-^x&^wt^(DTy-^—/umm<D!m&^m\^^xmmm^(D^^±^m^o 
msm (a) ^c:43v^T. 6 i\t.mim'T—'^^^^(DT^-^—/V'^n^m^^xi^ 
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Wn-r^^M^t^X-h t) . 6 2 f*:^-i5^ y >'^UX-h t) . 6 3 ^iiiSit 7— V 
mg|5T*fc«3s 6 4 f^iD/A^^^^p-Cfc »5 . f^8m (b) ^^:*3V^■r. 7 1 

A/D^mtPtffc «9 . 7 2 v^^-Tj^Vl-mM-efc <9 . 7 3 {tx:^— V >- 

5 gis-efes„ 

y^^VT (r:itx.it. 1^:/^^yr# 1 i:1^>^=aE^^y T#2, -^y^^vrit 



H = 

Si" 



0 


0' 






0 


1 


1 -1 








1 1 





. .. . .(1). 



^2i-l 


1 


<i2i-l 




Si" 


.^2i 


2 






.^2. 



. . . .(2) 



fcfcU kf^nlSoS^Sr^U. i« (n/2) ^<D||^<lr^U Cx^-i, 
l^fcjb^-oX. f:Ltx.i-f. mty'—'^^^ [di=l. d2=-l] TfetLfi. tetfc 
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Cx„ xj = (1 [-1, -1] + (-1) [-1, 1] ) /2 
= [0, -2] /2 
= [0, -1] 

o^tc, ^-^^vi^^^ue 2xn^ ±u<DXoiznm^fhrci&m^(Dmmm-^ 

10 Xi, X2, xj, X4, -^^-^y^^VTicmV^X^o Mi^^K\,^^t. -^zf 

—^icMi^xmm^M'7-v^mm^n\^\ ^hi^. mM(Dmmi tmmic^ mm 
15 6 4^^]^xmm^±^mm-r^o 

^{fffi-Cti. A/D^m^7 l^^f^bTS:^tiXi^4?/^^^(mofc^^— 
20 mmm-^^ Cy2i_i. yj t^i-„ y^'-:7i^i^:mju^m^7 2Xit. m^-r^-t 

25 otic, •T'':?!— iJ^y Vi{^^7 3-t?f:i. ^tmofc«|i{t-^y„ y^, yg, y^, 

-^m^<DmmM-m^wm.-r^o McW-mz.\i^z> yi=o, y2=-i^^i& 

<^:9-#Jla5 7 4tC^LTiil«U j^ttT. yg, y„ -^^SiJ^ 7 4 iCl^bTiUm 
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o^lc, .:9-tiJ$B7 4-efi. msmT^mWc (^fi^W l^tcm^Yv Yz, v^. y 



^21-1 




'Y2i-l' 




Si 


.^2i 




Y2x . 




.^2. 



. . . .(3) 



10 l^fct^^Xs rct:tlt. mny'-i^t^ [yi=0, y2=-l] X-htii^. m 

di= [0. -1] X [-1, -1] =1 
d2= [0, -1] X [-1, 1] =-1 

2<DSNRj t-t^:it-d^x^^^ 
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10 ^i"^ (2 i -1) #s<7>i^:7'>^yTi:2 i#S©f->^:¥-r yTtc:§iJ«9^T5 
ot*(5D^?gic:J;tl,{^.-p^-r§ (2 i-1) ^B(D-^y'^^VTt2 i#g<7) 
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o ft^^Pj J: ti/f*. mm0<D y ^ x^t9- tfj:^ b <^ # y r < 

(2i-l) mB(D^^.^^VTt2imB(D'^lf^^VTi^m'0^X^ 

25 U±(DXoi^. :^^mKi)>Tb^:5mmmm:i3XXJim.m:fjmn. DMT (Discrete 
Multi Tone) ^M^:fj^-^OF DM (Orthogonal Frequency Division Multipl 

ex) mmm:fo^^\^^y) . mw<Dmmmmi:m^^ii^'f—^mm\z.mmxh^. d 
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1 . -r/i^^^^ ]} TmMm^^umir^mmmm.^^-ii^''^x. 
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mm-r^ (2i-i) mn(D^y^^vTt2imB<D-^y'^^VTi<imv^ 
mmmmT-'^^mmmk^-^xmmwc. ii^m) mmm-r^ (2 i-i 

10 

15 #,-e. mm^n^mm^m. 

^mx.^^t^wmt -r^mmmmo 

5. mw-r^ (2 i.-i) #sof-y^-YyTi 2 i#i<D-^^:/=¥^ 

VT\z.m\^mxhfitz.mm7'-^^wi-^(oiAm.n-^xm i^m^t) -r^^^mit 

20 

25 6 . ^/v-^^^ y r^mm:^^^um-r^^mmt x^xmi^-r^^mmmmiic^ts 
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^^TV^. mmmn(o-^y^^ v r(Dmmm^K^oxm0.^fifcmi<Di^^^:^/i' 

2 (7)v^^^V^co^;5}^^^iy V:^}^V^^^^*3 J:t/Sfeb/^:^/^J!}?/^^# 
^^-rS :Ltxms (Diy:y^/i-^^mir?>m 3 oix^^/i^Vvfe^^^i: , 

ij;^!^. ^^^4 (o^^:^:^/v^^^^^(D^mi^i^'^-/\^^m\^^xm.m^m.^n 0 
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11. ^hi^. 

mi^-t^ (2 i -1) ^^(O'^y^^VTt 2 iSScD-f-l/dr-^JlTtCfiJ?)^ 

mmmmy'-^^mm^mn-^x'mikWt. c^ii) striap^i-s (21-1 
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